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FUEL INJECTION DEVICE FOR INTERNAL 
COMBUSTION ENGINE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a 35 USC 371 application of PCT/DE 
02/02574 ?led on Jul. 13, 2002. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention is directed to an improved fuel injection 
system for an internal combustion engine. 

2. Description of the Prior Art 
One fuel injection system, knoWn from German Patent 

Disclosure DE 198 35 494, has a fuel injection valve, With 
an injection valve member by Which at least one injection 
opening is controlled. The injection valve member is urged 
in an opening direction counter to a closing force by the 
pressure prevailing in a pressure chamber of the fuel injec 
tion valve. The pressure prevailing in the pressure chamber 
is generated by a pump piston of a high-pressure fuel pump, 
Which piston is driven in a reciprocating motion by a cam. 
A control valve actuated by a pieZoelectric actuator is 
provided, Which is triggered by an electric control unit and 
by Which a communication of the pressure chamber With a 
relief chamber is controlled. The control valve has a control 
valve member, upon Which the actuator acts via a hydraulic 
coupler in order to move it betWeen an opened position and 
a closed position. When the control valve member is in its 
closed position, the pressure chamber is disconnected from 
the relief chamber, and high pressure for a fuel injection can 
build up in it. The instant the closing position of the control 
valve member is reached is thus of great signi?cance for 
controlling the fuel injection. Since the control valve mem 
ber is disconnected from the coupler by the actuator, 
hoWever, no information about this instant is available. 
Furthermore, proper function of the control valve also 
requires complete ?lling of the coupler. 

SUMMARY AND ADVANTAGES OF THE 
INVENTION 

The fuel injection system of the invention has the advan 
tage over the prior art that the function of the control valve 
can be monitored. During the charging phase of the pieZo 
electric actuator, a pressure builds up in the hydraulic 
coupler that also has a feedback effect on the actuator after 
the charging process has been completed, and in the 
actuator, once the voltage supply has been cut off, this 
pressure generates a pieZoelectric voltage that is character 
istic for the pressure conditions in the coupler and accord 
ingly also for the conversion of the trigger voltage into the 
stroke of the control valve member. Thus the voltage 
betWeen the electrical terminals of the pieZoelectric actuator 
can be used, Without requiring a further sensor, as a mea 
sured parameter for the valve behavior. 

Various advantageous features and re?nements of the fuel 
injection system of the invention are disclosed. The mea 
sured voltage can be used to ascertain the instant When the 
closing position of the control valve member is reached. The 
course of the voltage can be monitored, for the occurrence 
of a minimum point in the curve course. Once the charging 
of the actuator has been completed, the pressure in the 
coupler initially drops over time, since the actuator, after the 
completion of the charging process, has nearly reached its 
complete stroke, While the control valve member at this 
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2 
instant is still moving toWards its closing position, and the 
coupler is thus depressuriZed. HoWever, as soon as the 
control valve member has reached the closing position and 
is moving back toWard its opening position because of its 
recoil, a compression of the medium located in the coupler 
occurs, Which makes itself felt in an increase in the terminal 
voltage. The minimum point occurring in the course of the 
voltage thus identi?es the instant at Which the control valve 
member has reached its closing position. Alternatively, the 
derivation over time of the terminal voltage can also be 
formed and monitored for a Zero crossover. The Zero cross 

over of the voltage signal derived over time thus likeWise 
identi?es the minimum point in the course over time of the 
terminal voltage and thus the attainment of the closing 
position by the control valve member. In a further advanta 
geous feature, a correction value for a control parameter of 
the control unit is derived from the ascertained instant When 
the closing position of the control valve member is reached. 
In particular, a correction value for the triggering voltage of 
the actuator and/or for the instant of triggering and/or for the 
duration of the charging process can be furnished. The 
voltage can also be used to detect the ?ll state of the coupler, 
since the pressure course in the coupler is dependent on the 
?ll state and thus likeWise has feedback effects on the 
voltage. The test triggering provided makes it possible to 
monitor the function of the control valve before a fuel 
injection, and correction values that can be used in the 
ensuing fuel injection can be ascertained. The time interval 
betWeen the ascertainment of the correction value and the 
triggering of the control valve for the fuel injection is thus 
very brief, and so the fuel injection can be effected With high 
precision. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features of the invention Will 
become apparent from the description contained herein 
beloW, taken in conjunction With the draWings in Which: 

FIG. 1 shoWs a fuel injection system for an internal 
combustion engine in a schematic illustration; and 

FIG. 2 shoWs a fuel injection valve of the fuel injection 
system in an enlarged illustration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIGS. 1 and 2, a fuel injection system for an internal 
combustion engine, for instance of a motor vehicle, is 
shoWn. The fuel injection system has a high-pressure fuel 
pump 10 and a fuel injection valve 12 communicating With 
it. 

In the exemplary embodiment shoWn, the high-pressure 
fuel pump 10 and the fuel injection valve 12 communicate 
directly With one another and form a so-called unit injector. 
Alternatively, hoWever, it can also be provided that the 
high-pressure fuel pump 10 is located at a distance from the 
fuel injection valve 12 and communicates With it via a line. 
For each cylinder of the engine, one fuel injection system 
With one high-pressure fuel pump 10 and one fuel injection 
valve 12 is provided. 

The high-pressure fuel pump 10 has a pump body 14, in 
Which a pump piston 18 is guided displaceably in a cylinder 
bore 16, and this pump piston de?nes a pump Work chamber 
20 in the cylinder bore 16. The pump piston is driven in a 
reciprocating motion by a camshaft of the engine via a cam 
22, counter to a restoring spring 24. A tilt lever 26 can be 
disposed as a transmission element betWeen the cam 22 and 
the pump piston 18. The cam 22 has a raised region 22a, by 
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Way of Which the pump piston 18 is pressed, counter to the 
force of the restoring spring 24, into the cylinder bore 16 as 
far as an inner dead center point, and a ?atter region 22b, by 
Way of Which the pump piston 18 is forced out of the 
cylinder bore 16 as far as an outer dead center point by the 
restoring spring 24. In the reciprocating motion of the pump 
piston 18 into the cylinder bore 16, this piston executes a 
pumping stroke, in Which fuel in the pump Work chamber 20 
is compressed. In the reciprocating motion of the pump 
piston 18 out of the cylinder bore 16, this piston executes an 
intake stroke, in Which fuel is aspirated into the pump Work 
chamber 20. 

The fuel injection valve 12 has a valve body 30, Which can 
be embodied in multiple parts, and in Which an injection 
valve member 34 is guided in a bore 32. The valve body 30 
has one and preferably a plurality of injection openings 36 
in its end region toWard the combustion chamber of the 
cylinder of the engine, and these openings are distributed 
over the circumference of the valve body 30. The injection 
valve member 34, in its end region toWard the combustion 
chamber, has a sealing face 38, Which for instance is 
approximately conical, and Which cooperates With a valve 
seat 40, embodied in the end region toWard the combustion 
chamber of the valve body 30, from Which valve seat or 
doWnstream of Which the injection openings 36 lead aWay. 
BetWeen the injection valve member 34 and the bore 32, 
toWard the valve seat 40, an annular chamber 42 is formed 
in the valve body 30; in its end region remote from the valve 
seat 40, this chamber changes over, as a result of a radial 
enlargement of the bore 32, into a pressure chamber 44 
surrounding the injection valve member 34. At the level of 
the pressure chamber 44, as a result of a cross-sectional 
change, the injection valve member 34 has a pressure 
shoulder 46, by Way of Which the pressure prevailing in the 
pressure chamber 44 generates a force on the injection valve 
member 34 aWay from the valve seat 40. The end of the 
injection valve member 34 remote from the combustion 
chamber is engaged by a prestressed closing spring 48, by 
Which the injection valve member 34 is pressed toWard the 
valve seat 40. The closing spring 48 is disposed in a spring 
chamber 50 of a spring holder 30a that forms part of the 
valve body 30 and that adjoins the bore 32. 

The pressure chamber 44 of the fuel injection valve 12 
communicates With the pump Work chamber 20 of the 
high-pressure fuel pump 10 via a conduit 52. When the 
pressure prevailing in the pressure chamber 44 generates a 
greater force, via the pressure shoulder 46, on the injection 
valve member 34 than the force generated by the closing 
spring 48, the injection valve member 34 lifts in its opening 
direction 35 With its sealing face 38 from the valve seat 40 
and uncovers the injection openings 36, through Which fuel 
is injected into the combustion chamber. When the pressure 
prevailing in the pressure chamber 44 and exerted via the 
pressure shoulder 46 on the injection valve member 34 
generates a lesser force than the force generated by the 
closing spring 48, the injection valve member 34 moves With 
its sealing face 38 toWard the valve seat 40 counter to its 
opening direction 35, and upon contact With the valve seat 
40 closes the injection openings 36, so that no fuel is injected 
into the combustion chamber. 

For controlling the fuel injection, an electrically triggered 
control valve 54 is provided, by Which a communication of 
the pump Work chamber 20 With a relief chamber is con 
trolled. The fuel tank 11 of the motor vehicle, for instance, 
or some other region in Which a slight pressure prevails can 
serve as the relief chamber. The control valve 54 has a 
control valve member 56, Which is actuated via a hydraulic 
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4 
coupler 57 by a pieZoelectric actuator 58. The actuator 58 is 
supplied With an electrical voltage by an electronic control 
unit 53. The actuator 59 has a number of series-connected 
pieZoelectric elements 59. The control valve 54 is disposed 
on the pump body 14, for example. The actuator is con 
nected nonpositively on the one hand to a housing Wall 60, 
through Which electrical terminals 61 of the actuator 58 are 
passed, and on the other to an adjusting piston 62. The 
adjusting piston 62, With its end face 63 remote from the 
actuator 58, closes off the hydraulic coupler 57. The hydrau 
lic coupler 57 in turn acts on an adjusting piston 65, guided 
in a connecting conduit 64, on the end of Which remote from 
the coupler 57 the control valve member 56 is disposed. It 
can be provided that the control valve member 56 cooperates 
With tWo valve seats, Which are embodied in a valve 
chamber 66, in Which the control valve member 56 is 
disposed. The control valve member 56, in a ?rst end 
position that corresponds to a voltageless position of repose 
of the actuator 58, rests on a ?rst valve seat 68 in the valve 
chamber 66. In a second end position, Which corresponds to 
maximum triggering of the actuator 58 and Which is a 
closing position of the control valve member 56, the control 
valve member 56 rests on and closes a second valve seat 70 
in the valve chamber 66 and closes it. It can also be provided 
that the control valve 54 is embodied as a bidirectional 
valve; then When the control valve member 56 is in contact 
With one of the tWo valve seats 68, 70, it is closed, While it 
is opened only When it is in an intermediate position betWeen 
the tWo valve seats 68, 70. 
A communication 71 With the relief chamber discharges 

into the valve chamber 66 betWeen the tWo valve seats 68, 
70. Via the second valve seat 70, the valve chamber 66 has 
a communication With the pump Work chamber 20. When 
the control valve member 56 in its ?rst end position is in 
contact With the ?rst valve seat 68, the communication of the 
valve chamber 66 With the pump Work chamber 20 is opened 
via the second valve seat 70, so that the pump Work chamber 
20 communicates With the relief chamber, and a high pres 
sure cannot build up in it. A throttle restriction 67 can be 
provided in the communication 71 of the valve chamber 66 
With the relief chamber. When the control valve member 56 
is in its second end position and hence its closing position, 
in contact With the second valve seat 70, the communication 
of the valve chamber 66 With the pump Work chamber 20 is 
closed via the second valve seat 70, so that the pump Work 
chamber 20 is disconnected from the relief chamber, and 
high pressure can build up in it, corresponding to the 
pumping stroke of the pump piston 18. The instant When the 
closing position of the control valve member 56 is reached 
thus determines the onset of the fuel injection, and the length 
of time While the control valve member 56 is in its closing 
position determines the fuel quantity that is injected. 

The actuator 58 of the control valve 54 is triggered by the 
control unit 53 as a function of such engine operating 
parameters as rpm, load, temperature, and others. For con 
trolling the fuel injection With high precision, feedback 
about the onset of the fuel injection is necessary; this onset 
is at least approximately simultaneous With the instant When 
the closing position of the control valve member 56 is 
reached. For detecting Whether the control valve member 56 
has reached its closing position, after the charging process 
has taken place or in other Words after triggering of the 
actuator 58 to close the control valve 54 has occurred, a 
voltage meter 72 Which may be a component of the control 
unit 53 is connected to the terminals 61 of the actuator 58 for 
the predetermined duration of a measurement WindoW. A 
diagnostic device 74 can be connected to the voltage meter 
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72. The measurement data can be forwarded directly, for 
instance in the form of an analog voltage signal, to the 
diagnostic device 74. Thus monitoring of the voltage 
betWeen the terminals 61 of the actuator 58 takes place as a 
function of time. Alternatively, hoWever, it is possible ?rst to 
form the derivation over time of the voltage betWeen the 
terminals 61. To that end, the voltage signals are supplied to 
a differentiation member 76 associated With the voltage 
meter 72. The differentiated signals formed there are then 
forWarded to the diagnostic device 74. In both alternatives, 
a conclusion about Whether the closing position of the 
control valve member 56 has been reached is draWn in the 
diagnostic device 74 from the course over time of the 
voltage betWeen the terminals 61 of the actuator 58. 

For detecting the closing position of the control valve 
member 56, the course over time of the voltage betWeen the 
terminals 61 of the actuator 58 is monitored for the occur 
rence of a minimum point in the curve course. Accordingly, 
in the evaluation of the derivation over time of the voltage 
by means of the differentiation member 76, the occurrence 
of a Zero crossover is monitored. As has been found, after the 
completion of the charging phase of the actuator 58, the 
pressure in the hydraulic coupler 57 initially drops, since 
after the completion of the charging process, the actuator 58 
has nearly reached its complete stroke, While at that instant 
the control valve member 56 is still moving toWard its 
closing position, and the coupler 57 is thus depressuriZed. 
This pressure drop can be evidenced by Way of monitoring 
the voltage betWeen the terminals 61 of the actuator 58, the 
evidence being in the form of a reduction in the voltage that 
occurs as a function of time. 

HoWever, as soon as the control valve member 56 has 
reached its closing position and because of recoil is moving 
back in the direction of its ?rst end position, a compression 
of the medium located in the coupler occurs, and this makes 
itself felt analogously in a rise in the voltage betWeen the 
terminals 61 of the actuator 58. The minimum point occur 
ring in the voltage course thus identi?es the instant at Which 
the control valve member 56 has reached its closing posi 
tion. On the basis of the detection of the instant of closure 
of the control valve 54, correction values for control param 
eters of the control unit 53 can be obtained, Which can be 
used for an ensuing fuel injection, and by Which the preci 
sion of the fuel injection in terms of the instant of fuel 
injection and the fuel injection quantity can be improved. 

It can be provided that the above-described monitoring of 
the voltage betWeen the terminals 61 of the actuator 58 be 
performed during each fuel injection that occurs. The cor 
rection values obtained can then be used for controlling the 
next fuel injection. 

Alternatively, it can be provided that the above-described 
monitoring of the voltage take place during a test triggering 
of the control valve 54 by the control unit 53 in a time 
interval during Which no fuel injection occurs. This is 
especially the case during a stroke phase of the pump piston 
18 in Which this piston is moving out of the cylinder bore 16 
toWard its outer dead center point. The cam 22 is then 
located With its ?atter region 22b in contact With the tilt lever 
26. During this stroke phase of the pump piston 18, this 
pump piston does not generate an adequate pressure for a 
fuel injection in the pump Work chamber 20 and thus in the 
pressure chamber 44 of the fuel injection valve 12, and so 
even upon closure of the control valve 54, no fuel injection 
occurs. The test triggering of the control valve 54 is pref 
erably effected during a time interval during Which both the 
?lling of the pump Work chamber 20 With fuel in the intake 
stroke of the pump piston 18 and the diversion of fuel out of 
the pump Work chamber 20 for ending the fuel injection With 
the control valve 54 opened are affected only extremely 
slightly, if at all. 
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In the test triggering of the control valve 54, correction 

parameters can be obtained that can already be used in 
controlling the ensuing fuel injection. The time offset 
betWeen When the correction values are obtained and When 
the fuel injection is controlled is only about half as long, in 
the test triggering of the control valve 54, as When the 
correction values are obtained in the fuel injection that 
actually ensues. The precision of control of the fuel injection 
can thus be still further increased substantially. In the test 
triggering of the control valve 54, the correction values are 
ascertained immediately before the triggering for the fuel 
injection. 

Via leakage gaps, upon the motion of the adjusting piston 
62 some of the medium, Which is preferably fuel, located in 
the hydraulic coupler 57 is forced out. For an intended 
relationship betWeen the trigger voltage of the actuator 58 
and the injected fuel quantity, hoWever, proper ?lling of the 
coupler 57 is required. BetWeen injections, re?lling of the 
coupler 57 is therefore provided via a conduit, not shoWn. 
For monitoring Whether the coupler 57 has in fact been 
properly re?lled, once again the voltage betWeen the termi 
nals 61 of the actuator 58 can be used. After the charging 
process of the actuator 58, once again the course over time 
of the voltage betWeen the terminals 61 of the actuator 58 is 
monitored by the voltage meter 72. It has been found that 
after the completion of the charging process of the actuator 
58, the pressure in the hydraulic coupler 57 drops still 
further because of out?oWing medium. This pressure drop 
can be evidenced, in the form of a reduction in the voltage 
occurring as a function of time, by Way of monitoring the 
voltage betWeen the terminals 61 of the actuator 58. The 
extent of this drop in voltage over time is also dependent on 
the so-called boosting ratio in the coupler 57, that is, the 
ratio of the cross-sectional area of the adjusting piston 62 to 
the cross-sectional area of the adjusting piston 65, and also 
on the ratio betWeen the stroke of the control valve member 
56 that can be generated and the change in length of the 
actuator 58 that acts on the coupler 57. The reduction in the 
voltage furthermore depends to a particularly pronounced 
extent on the degree of ?lling in the coupler 57. When the 
coupler 57 is completely full, a comparatively pronounced 
voltage dip of approximately 50 V, for instance, can be 
evidenced. Conversely, With an only partly ?lled coupler 57 
this effect is markedly less, and the voltage dip then amounts 
to only about 15 V, for instance. 

Thus from monitoring the voltage betWeen the terminals 
61 of the actuator 58, a diagnosis is made in the diagnostic 
device 74, by measuring the voltage once the charging phase 
of the actuator 58 has taken place. After a predeterminable 
Waiting time, for instance of about 0.25 ms, the voltage is 
measured again. Then the difference in the tWo measured 
values is formed and compared With a limit value. A ?xed 
limit value can be speci?ed, Which can for instance amount 
to approximately 30 V. Alternatively, hoWever, a limit value 
that is dependent on an operating point and is obtained from 
a performance graph, obtained from prior calibration and 
stored in a data storage module 78, can be made the basis. 
The Waiting time can be selected such that the measurement 
of the voltage occurs immediately before an ensuing control 
intervention, namely before a further raising of the voltage. 

If the ascertained difference in the voltage is greater than 
the limit value, then as the diagnosis, the conclusion is 
draWn that the coupler 57 has been completely and properly 
re?lled, and no further provision is initiated. HoWever, if the 
ascertained difference in the voltage is less than the limit 
value, then as the diagnosis the conclusion is that re?lling of 
the coupler 57 is incomplete and defective. In that case, a 
further comparison is made betWeen the difference in the 
voltages and a second limit value or minimal value. By 
means of this comparison, a distinction is also made in terms 
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of the effects of the error. If the difference in the voltages is 
also less than a second, even loWer limit value or minimal 
value, then a substantial error is diagnosed, one that for 
instance causes an immediate stoppage of the engine. 
Conversely, if the difference in the voltages is beloW the ?rst 
limit value but above the second limit value, then a minor 
error is diagnosed, Which does permit continued operation of 
the engine but is stored in the data storage module 78 for the 
sake of later diagnostic purposes. 

If a minor error is ascertained in the diagnostic device 74, 
a set-point value for the trigger voltage of the actuator 58 is 
also speci?ed, and the set-point value is selected such that 
despite the ?nding of incomplete ?lling of the coupling 57, 
the intended stroke of the control valve member 56 results 
after triggering. The above-described monitoring of the 
voltage betWeen the terminals 61 of the actuator 58 is 
preferably performed during a test triggering of the control 
valve 54, in a phase during Which no fuel injection is taking 
place. 

The foregoing relates to preferred exemplary embodi 
ments of the invention, it being understood that other 
variants and embodiments thereof are possible Within the 
spirit and scope of the invention, the latter being de?ned by 
the appended claims. 
What is claimed is: 
1. A fuel injection system for an internal combustion 

engine, comprising a fuel injection valve (12) Which has at 
least one injection valve member (34) by Which at least one 
injection opening (36) is controlled, in Which the injection 
valve member (34) is urged in an opening direction (35) 
counter to a closing force by the pressure prevailing in a 
pressure chamber (44) of the fuel injection valve (12); 

a pump piston (18) of a high-pressure fuel pump (10) 
driven in a reciprocating motion by a cam (22) for 
generating the pressure prevailing in the pressure 
chamber (44); 

a control valve (54) actuated by a pieZoelectric actuator 
(58) 

an electric control unit (53) for triggering the pieZoelectric 
actuator (58) Whereby at least indirectly, a communi 
cation (71) of the pressure chamber (44) With a relief 
chamber is controlled; 

the pressure chamber (44) being disconnected from the 
relief chamber When the control valve (54) is closed; 

the control valve (54) having a control valve member (56) 
coupled With the actuator (58) via a hydraulic coupler 
(57), 

the actuator (58), after a charging phase, communicating 
With an associated voltage meter (72); and 

the voltage betWeen the electrical terminals (61) of the 
actuator (58) being monitored for detecting the function 
of the control valve (54). 

2. The fuel injection system of claim 1, Wherein the 
voltage betWeen the electrical terminals (61) of the actuator 
(58) is used for detecting the attainment of a closing position 
of the control valve member (56). 

3. The fuel injection system of claim 2, Wherein the course 
over time of the voltage is monitored for the occurrence of 
a minimum point in the curve course. 

4. The fuel injection system of claim 2, Wherein the 
deviation over time of the voltage is formed and monitored 
for a Zero crossover. 

5. The fuel injection system of claim 2, Wherein, from the 
ascertained instant of attainment of the closing position of 
the control valve member (56), a correction value for a 
control parameter of the control unit (53) is formed, Which 
value is taken into account in an ensuing fuel injection. 

6. The fuel injection system of claim 3, Wherein, from the 
ascertained instant of attainment of the closing position of 

10 

15 

25 

35 

40 

45 

55 

65 

8 
the control valve member (56), a correction value for a 
control parameter of the control unit (53) is formed, Which 
value is taken into account in an ensuing fuel injection. 

7. The fuel injection system of claim 4, Wherein, from the 
ascertained instant of attainment of the closing position of 
the control valve member (56), a correction value for a 
control parameter of the control unit (53) is formed, Which 
value is taken into account in an ensuing fuel injection. 

8. The fuel injection system of claim 1, Wherein the 
voltage betWeen the electrical terminals (61) of the actuator 
(58) is used for detecting the ?ll state of the coupler (57). 

9. The fuel injection system of claim 2, Wherein the 
voltage betWeen the electrical terminals (61) of the actuator 
(58) is used for detecting the ?ll state of the coupler (57). 

10. The fuel injection system of claim 3, Wherein the 
voltage betWeen the electrical terminals (61) of the actuator 
(58) is used for detecting the ?ll state of the coupler (57). 

11. The fuel injection system of claim 8, Wherein a 
difference betWeen a voltage measured immediately after the 
termination of the charging phase of the actuator (58) and a 
voltage measured after a predeterminable Waiting time has 
elapsed is compared With a limit value. 

12. The fuel injection system of claim 9, Wherein a 
difference betWeen a voltage measured immediately after the 
termination of the charging phase of the actuator (58) and a 
voltage measured after a predeterminable Waiting time has 
elapsed is compared With a limit value. 

13. The fuel injection system of claim 10, Wherein a 
difference betWeen a voltage measured immediately after the 
termination of the charging phase of the actuator (58) and a 
voltage measured after a predeterminable Waiting time has 
elapsed is compared With a limit value. 

14. The fuel injection system of claim 1, Wherein the 
voltage betWeen the electrical terminals (61) of the actuator 
(58) is monitored for detecting the function of the control 
valve (54) during a test triggering of the control valve (54), 
during Which no fuel injection occurs. 

15. The fuel injection system of claim 2, Wherein the 
voltage betWeen the electrical terminals (61) of the actuator 
(58) is monitored for detecting the function of the control 
valve (54) during a test triggering of the control valve (54), 
during Which no fuel injection occurs. 

16. The fuel injection system of claim 3, Wherein the 
voltage betWeen the electrical terminals (61) of the actuator 
(58) is monitored for detecting the function of the control 
valve (54) during a test triggering of the control valve (54), 
during Which no fuel injection occurs. 

17. The fuel injection system of claim 14, Wherein test 
triggering of the control valve (54) occurs in a phase of 
reciprocation of the pump piston (18) during Which this 
pump piston does not generate any pressure in the pressure 
chamber (44) of the fuel injection valve (12) that is suf?cient 
to open the injection valve member (34). 

18. The fuel injection system of claim 2, Wherein test 
triggering of the control valve (54) occurs in a phase of 
reciprocation of the pump piston (18) during Which this 
pump piston does not generate any pressure in the pressure 
chamber (44) of the fuel injection valve (12) that is suf?cient 
to open the injection valve member (34). 

19. The fuel injection system of claim 3, Wherein test 
triggering of the control valve (54) occurs in a phase of 
reciprocation of the pump piston (18) during Which this 
pump piston does not generate any pressure in the pressure 
chamber (44) of the fuel injection valve (12) that is suf?cient 
to open the injection valve member (34). 

20. The fuel injection system of claim 1, Wherein for each 
fuel injection valve (12), the fuel injection system has its 
oWn high-pressure fuel pump (10), With a pump piston (18) 
that is driven by a cam (22). 

* * * * * 


